Concerns about economies facing secular stagnation-a period of persistently lower growth-have been renewed after the start of the financial crisis in 2008~2009. This issue is well investigated for the euro area as a whole or for the individual countries forming the monetary union, with the general consensus being that secular stagnation is not present in the Economic and Monetary Union (EMU). So far no studies have been conducted for the remaining European countries, and thus this study tackles this issue for the five non-EMU European countries using the well-established LaubachWilliams model to estimate the unobservable equilibrium real interest rate and compare it with the actual real rate. The obtained results have important implications for national policymakers, i.e., if secular stagnation is present in one country, then there is a risk of growth divergence with the country's most important trading partners. The results also indicate that secular stagnation is not a significant threat to the non-EMU European countries, so they do not face structurally different growth dynamics compared with those of the euro area.
I. Introduction
The financial crisis of 2008~2009 influenced the economic development of almost all countries globally, resulting in lower economic growth. However, the pertinent questions to be raised are whether this decline was cyclical or structural and, accordingly, whether the countries will return to a higher level of growth or remain at a depressed level.
A theory in favor of structurally lower growth for an extended period of time-the secular stagnation hypothesis-was therefore reinvented by Summers (2014a Summers ( , 2014b Summers ( , 2014c . For a survey and deeper analysis of this issue, see Teulings and Baldwin (2014) .
The focus of this hypothesis is the difference between the real interest rate, which is the decisive variable for investment and consumption decisions, and its equilibrium value. Summers (2014a) believes that the equilibrium real rate declined substantially in the crisis period and is now deep into the negative territory; thus, this rate is too low for the actual real rate to be reached. In this situation, secular stagnation occurs and investments and savings can no longer be balanced.
Although the equilibrium real rate is an unobservable variable, there is a straightforward way to estimate it. Laubach and Williams (2003) introduced an estimation model for the United States (US). The current study uses the same setup for five European countries that are not members of the Economic and Monetary Union (EMU). It should be noted that estimating only the equilibrium real rate does not provide any inference about whether a country is facing secular stagnation. This can only be done by comparing the equilibrium real rate with the actual real rate. In this study, this comparison is done using either the ex-ante or ex-post real rates.
While there are many studies estimating the equilibrium real rate for the euro area as a whole (Mesonnier and Renne 2007 , Garnier and Wilhelmsen 2009 , Belke and Klose 2013 , Beyer and Wieland 2015 or for individual euro-area countries (Belke and Klose 2017) , this study is the first to take a closer look at the issue of secular stagnation for five non-EMU European countries: Denmark, Norway, Sweden, Switzerland, and the United Kingdom (UK).
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Recent studies by Beyer and Wieland (2015) and Belke and Klose (2017) find that secular stagnation is not a significant threat to the euro area and its individual member For this reason, it is important to look at the economic situation of the non-EMU European countries separately. This paper proceeds as follows. First, the role of the real interest rate and its equilibrium value in the context of secular stagnation is explained and possible drivers of secular stagnation are discussed. Second, the data used in the empirical specifications are explained. Third, the Laubach-Williams model used to estimate the unobservable equilibrium real interest rate is illustrated. Fourth, the empirical results are presented and discussed. The final section concludes.
II. Equilibrium Real Interest Rates and Secular Stagnation
The financial crisis of 2008~2009 considerably depressed output in the leading developed countries. However, even after the most severe pressures had been eased, output growth remained at persistently lower rates than those before the crisis. This phenomenon, referred to as "secular stagnation," may be explained by a permanent drop in potential output (Summers 2014a (Summers , 2014b (Summers , 2014c Teulings and Baldwin 2014) . 3 The secular stagnation hypothesis focuses on the real interest rate and its equilibrium value. Under normal circumstances, both should be equalized at the point where aggregate investments equal aggregate savings. However, in a crisis period and even afterward, this may no longer be the case. The reason is quite simple: While the equilibrium real rate floats freely, the actual real rate faces a lower bound. On the one hand, the latter is due to the zero lower bound on nominal interest rates because individuals can hold excess savings in cash rather than in their bank accounts, thus generating a nominal interest rate of zero. On the other hand, inflation rates or, more precisely, inflation expectations are too low to generate significantly negative real rates. For example, inflation expectations are mainly anchored at about two percent in the countries under investigation, as this rate is the inflation target for most of the respective central banks. 4 However, if the equilibrium real interest rate falls below the lower bound of the actual real rate, then there is no longer equilibrium of aggregate investments and savings ( Figure  2 ). So, a liquidity trap via excess savings occurs (Crafts 2015) . This permanently lowers a country's growth rate by reducing potential output growth (Teulings and Baldwin 2014) . Note that secular stagnation is thus a structural problem that has long-term consequences, e.g., leading to permanently higher unemployment rates. While shorter periods of negative real interest rates may be tackled by expansionary monetary policy or fiscal demand-side stimulus, long-term challenges are best met by appropriate supplyside reforms. approximately −π * as intercept is chosen because the minimum should be given at a zero nominal rate minus the central bank inflation target.
Along the lines of aggregate savings and investments, several determinants influencing aggregate investments, aggregate savings, or both have been discussed in the literature (Table 1) . First, preferences for safe assets have risen, especially in the wake of the financial crisis (Caballero and Farhi 2014) . These safe-haven flows of capital from presumably unsafe countries into relatively safer countries also alter the aggregate savings in these countries. With respect to the non-EMU European countries, this response especially materialized in massive capital inflows since these countries were considered safe countries, leading, e.g., to the appreciation of their currencies vis-à-vis the euro if their exchange rates were not fixed to the euro, as in the case of Denmark. Another example was the fixing of the Swiss franc vis-à-vis the euro at 1.2 by the Schweizerische Nationalbank from September 2011 to January 2015. As all non-EMU European countries faced the prospect of safe asset flows to some degree, the response was to increase aggregate savings, thus lowering the equilibrium real rate in these countries.
Second, rising income inequality permanently increases savings, as individuals with high incomes have a higher marginal rate of savings (Summers 2014b) . This, in turn, tends to lower the equilibrium real rate, all else being equal.
Third, a low degree of innovation, measured as increases in total factor productivity, is observed in several industrial economies. If this is the case, investments should also be low because new machinery does not generate a significant benefit in comparison to older equipment. Gordon (2014) , however, believes that low total factor productivity is the new normal rather than a temporary exception, and he assumes lower growth rates on this basis. However, forecasting total factor productivity is a difficult task. Mokyr (2014) and Glaeser (2014) , e.g., argue that some innovations still have the potential to boost total factor productivity, such as information technology, biotechnology, or new materials.
Fourth, a high degree of regulation in product markets may cause investments to be permanently depressed. However, these regulations can also be changed by the governing political parties. This can have a large effect (Jimeno et al. 2014 , Barnes et al. 2013 . The same holds with respect to labor market reforms, which tend to increase employment. Moreover, long-term unemployment leads to skill atrophy (eurosclerosis) (Blanchard and Summers 1986) , thereby permanently lowering the potential rate of employment 5 and potential growth (hysteresis). Fifth, a fall in investment prices is observed, leading by construction to a downward shift in the investment curve (Summers 2014b , Glaeser 2014 . These lower investment prices are simply due to the altered structure of investment goods. In a nutshell, Sixth, demographics are a crucial determinant, influencing both aggregate savings and investments. On the one hand, savings change according to the life-cycle hypothesis (Browning and Crossley 2001) , which proposes that savings are highest in economies with a relatively large proportion of the population close to retirement. Moreover, savings may rise with increasing life expectancy and uncertainty about future pension payments, irrespective of the life cycle (Jimeno et al. 2014) . On the other hand, investments fall in aging economies because revenue expectations drop when the population is about to shrink (Gros 2014) . However, both channels point to a lower equilibrium real rate in aging economies.
Finally, a high degree of private and public debt depresses investment, even at low interest rates, because individuals and fiscal authorities need to consolidate. Moreover, savings are increased to reduce the level of debt. However, supporters of the secular stagnation hypothesis believe that the key to breaking the vicious circle of permanently lower growth rates is to reduce the pressure to consolidate. They tend to propose consolidation to a lesser extent and, instead, to favor increased public investment (Summers 2014a , Krugman 2014 , Koo 2014 .
However, whether one or several factors are, indeed, able to lower the equilibrium real interest rate to levels too low for the actual real rate to reach is mainly an empirical question. For this purpose, we employ the model most widely used in estimating the equilibrium real rate: the Laubach-Williams model.
III. The Data
The equilibrium real interest rate is an unobservable variable; thus, it has to be estimated. Laubach and Williams (2003) established an estimation method for this variable that employs a state-space approach. It is still the most important model used in determining the equilibrium real interest rate. Besides the unobservable equilibrium real interest rate, the unobservable potential output is also estimated in this procedure. The method is frequently used to estimate the equilibrium real interest rate. 6 Mesonnier and Renne (2007), Garnier and Wilhelmsen (2009) , Klose (2013, 2017) , Beyer and Wieland (2015) , and Holston et al. (2016) have also used the model to find a measure of the equilibrium real interest rate for the euro area. However, up to now, no one has applied this model to the various non-EMU European countries to account for possible disintegration within Europe. The remainder of this paper is aimed toward filling this gap.
The model is estimated with respect to five non-EMU European countries: Denmark, Norway, Sweden, Switzerland, and the UK. For two of the five countries in the sample (Denmark and the UK), we obtained quarterly data dating back to 1970. According to data availability, the sample starts in 1974 for Switzerland, 1979 for Norway, and 1982 for Sweden. All sample periods proved to be long enough to generate reliable results. The end of the sample period is 2016 Q4 for all countries under investigation.
For each of these countries, we collected data on real Gross Domestic Product (GDP), consumer prices, energy prices, and interest rates. All data are seasonally adjusted and taken from the Organisation for Economic Co-operation and Development (OECD) database. The three-month interbank rate is used as the relevant interest rate, in line with other studies in this field.
The interpretation of the results is based on a comparison of the estimated equilibrium real rate and observed real rate. For this purpose, two concepts are applied when measuring the latter rate: ex-ante and ex-post real rates. The former represents the nominal interest rate minus the expected inflation, which are adaptive expectations and thus lagged inflation rates (r t = i t − π t−1 ), whereas the latter is formulated as the interest rate minus the observed inflation rate until maturity (r t = i t − π t ).
7 Even though the real interest rates differ, depending on the concept used, this will only have a minor influence on the results, i.e., whether secular stagnation may be a relevant problem in a non-EMU European country. 
IV. The Laubach-Williams Model
The Laubach-Williams model consists of two signal equations and three state equations. All variables are measured as quarterly growth rates. The signal Equation (1) is an Investment and Savings (IS) curve, 8 which measures the effect of the first two lags of the real interest rate gap (r − r * ) on the output gap 9 (Y −Y − ). Additionally, two lags of the output gap are added to the equation. Equation (2) is the second signal equation, which measures a Phillips curve 10 and estimates the influence of the output gap on prices (π ). Moreover, the prices are assumed to vary with lagged energy prices (π 0 ) since these are a crucial input factor in the production process.
11 Again, lagged values of the dependent variable are added. In this case, and in line with Laubach and Williams (2003) , we add eight lags and assume that the second to fourth and fifth to eighth lags have the same influence. Moreover, the coefficients of the lagged inflation rates are restricted to unity, in line with the aforementioned seminal paper. 
The state equations model the time-series generating process of the two unobservable variables: potential output and equilibrium real interest rate. The potential output Y − is a function of its lagged own value and its unobservable growth rate ɡ, from Equation (3). The growth rate of the potential output is, in itself, a state variable following a random walk-Equation (4), as well as the last state variable z-Equation (5), measuring additional determinants of the equilibrium real rate, such as the time preference of households or the determinants discussed in Section II. Equation (6) and Equation (7) show how the real rate and its equilibrium value are generated. To save degrees of freedom, the inflation expectations in the real rate are modeled simply by using adaptive expectations, thus being the lagged inflation rate. This is in line with other studies estimating the equilibrium real rate for the euro area (Mesonnier and Renne 2007 , Garnier and Wilhelmsen 2009 , Belke and Klose 2013 , 2017 , Beyer and Wieland 2015 . The equilibrium real rate is generated in line with Laubach and Williams (2003) , representing the sum of the trend growth and any additional factors. These additional factors are restricted to having an influence of unity on the equilibrium real rate.
However, Laubach and Williams (2013) pointed out that the error terms in the state Equation (4) and Equation (5) are biased toward zero if the model is estimated in one step. This is because of the "pile-up problem" (Stock 1994) . 12 They therefore recommended estimating the model in sequential steps and computing the median unbiased estimator (Stock and Watson 1998) to solve the problem. This procedure is strictly applied here, and we estimate the model in four steps.
First, both signal equations are estimated separately via Ordinary Least Squares (OLS) to generate reliable starting values. Potential output is proxied by the Hodrick-Prescott filter of Y (Hodrick and Prescott 1997) . In the IS equation, the real interest rate gap is omitted at this stage.
Second, the signal equations are estimated with the Kalman filter, assuming the growth rate of potential output is constant. With these results, the median unbiased estimator is computed as λ ɡ = σ 4 σ 3 . This relationship is used in the third step as a starting point. Also, the real interest rate gap is added to the IS equation and the growth rate of potential output is modeled as a timevarying variable. Based on these results, the median unbiased estimator for the additional variables affecting the equilibrium real interest rate is computed as λ z =
In the fourth and final step, the whole model is estimated via maximum likelihood, using the two signal-to-noise ratios.
The two coefficients, α r and c, are restricted to lie in the range of −0.3 to 0 and 0.5 to 1.5, respectively. These restrictions are well in line with the findings of previous studies, wherein all estimated coefficient parameters fall within these margins. Moreover, Belke and Klose (2017) included the same restriction with respect to both coefficients for the euro-area countries. (1) to (5), λ ɡ , λ z signal-to-noiseratios. (iii) Standard errors in parenthesis; ***/**/* means significance at the 1%/5%/10% level.
Our results ( Table 2) 13 indicate that these restrictions are generally valid since none of the estimated coefficients hit the boundary set. With respect to α r , the influence of the real interest rate gap on output, the point estimates are from −0.15 to −0.16 and they are very stable for the various countries. However, these coefficients are found to be significantly different from zero for only Denmark and Norway. Concerning parameter c, the influence of potential growth on the equilibrium real rate, we find significant estimates for Norway and Sweden. Moreover, the point estimates vary widely, with a range of 0.84 to 1.50. The median unbiased estimators λ ɡ are generally in line with the estimates for other countries in previous studies. The estimates of λ z , however, are slightly lower.
14 But the remaining parameter estimates and variances are well in line with other studies in this field. Thus, it can be concluded at this stage that the parameter 13 Only the final estimates of the fourth step are presented here. The results for the previous steps are available from the authors upon request.
14 Note that the median unbiased estimator is explicitly estimated. To date, other studies in this field (Mesonnier and Renne 2007 , Garnier and Wilhelmsen 2009 , Beyer and Wieland 2015 had to restrict this coefficient to obtain reasonable results.
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estimates are generally comparable to other studies.
V. Results
In this section, the estimation results of the model for the unobservable equilibrium real interest rate are presented and compared with the observed real interest rates.
As in Laubach and Williams (2003) , the results for the unobserved variables are presented using a one-sided (predicted) measure and a two-sided (smoothed) version. One-sided estimates only use the data prior to the respective points in time, whereas the two-sided version uses data from the whole sample period. Although the estimated time series differ, depending on which method is used, the policy implications remain the same for both indicators. The results are shown separately for the unobserved state variables, starting with the potential output/output gap, before turning to the ex-ante and ex-post equilibrium real interest rates.
A. Output gap
The estimates of the output gap, starting mostly in the 1970s, are given in Figure  3 . Rather than commenting in detail on the results for the whole sample period, 15 the analysis is restricted to the recent financial crisis period beginning in 2008~2009. Note, moreover, that the results do not depend on whether a one-sided or two-sided approach is chosen but that the estimations are fairly robust across specifications. Obviously, 2008 marks a turning point in the output gaps of all countries under investigation because they all experienced a somewhat severe drop. With the exception of Switzerland, which had the largest positive output gap before the financial crisis, all output gaps turn negative in this period.
However, all countries exhibit a rebound in their output gap in 2010. At the end of the sample period, the output gaps are either closed (Norway and Switzerland) or positive, at about two percent (Denmark, Sweden, and the UK).
B. Ex-ante real interest rates
We now compare the ex-ante real interest rates and their equilibrium values. Figure  4 shows the one-sided estimates. Even though the results for some countries may differ, we find major similarities across countries. First, ex-ante real interest rates were much higher in the last century, especially in the 1980s, and they declined after the mid-1990s in most countries. 1973Q1  1975Q1  1977Q1  1979Q1  1981Q1  1983Q1  1985Q1  1987Q1  1989Q1  1991Q1  1993Q1  1995Q1  1997Q1  1999Q1  2001Q1  2003Q1  2005Q1  2007Q1  2009Q1  2011Q1  2013Q1 1981Q4 1983Q2 1984Q4 1986Q2 1987Q4 1989Q2 1990Q4 1992Q2 1993Q4 1995Q2 1996Q4 1998Q2 1999Q4 Second, in the wake of the 2008~2009 financial crisis, real interest rates became negative for all countries, at least in some quarters. The lowest real interest rate was about −3.6 percent at the end of 2011 in the UK, so it even exceeded the empirical lower bound, as indicated in Section II. At the end of the sample period, real interest rates are in negative territory for all countries under investigation. However, negative real interest rates were not rare during the history of the countries under investigation. In particular, negative real interest rates were frequently present in the 1970s, reaching a minimum of about −15 percent in the UK.
Third, in terms of the equilibrium real interest rate, the overall trend of low rates in the 1970s, higher rates in the 1980s and early 1990s, and declining rates thereafter is less clear. Over the sample period, the equilibrium real rate is much less volatile than the actual real rate in all countries, which is unsurprising since the equilibrium rate should only change if there are fundamental changes in the economy. Nevertheless, the equilibrium real rates seem to exhibit a declining trend in all countries.
Two country groups can be identified concerning the equilibrium real interest rate. The first group, comprising Denmark and Switzerland, has rather robust equilibrium real interest rates. For Denmark, the highest equilibrium rate is about 2.5 percent in 1975 and the lowest is about 1.1 percent at the end of the sample period. For Switzerland, the corresponding numbers are about 2.6 percent in 1992 and 1.0 percent in 2016. So, in both countries, the equilibrium real rate was never even close to negative territory. But note that even for these two countries, the equilibrium real rate exhibits a negative trend.
The second group, consisting of Norway, Sweden, and the UK, are found to have more time-varying equilibrium real interest rates. The highest equilibrium real rates for these countries are about 8.9 percent in 1986, 9.4 percent in 1985, and 4.3 percent in 1989, respectively. The lowest numbers for two of these countries are even negative, at −1.3 percent in 2010 for Norway and at −1.1 percent in 2013 for the UK. 16 Sweden is the only country whose minimum equilibrium real rate remains positive, at approximately 0.3 percent. Moreover, this minimum was reached in 1993, so Sweden is the only case in which the lowest equilibrium real rate was not reached during the period of the financial crisis. The lowest equilibrium real rate for Sweden during the crisis was about 0.7 percent. For this second group of countries, the drop in the equilibrium real interest jei Secular Stagnation in Non-EMU European Countries: Equilibrium Real Rate Approach rate associated with the beginning of the financial crisis is clearly visible. However, in all of these countries, the equilibrium real interest rates have recently recovered from their lowest levels.
When it comes to the question as to whether the non-EMU European countries face secular stagnation, a comparison of the actual and the equilibrium real interest rates must be made. While there are several periods in which the equilibrium real rate is below the actual real rate in almost all countries, this was not the case during the most recent financial crisis. During the crisis, there was no evidence of secular stagnation in these countries. The equilibrium real rate was slightly lower than the actual rate on only a few occasions for all countries. Therefore, drawing the inference that there is a problem of secular stagnation in these countries on the basis of a few instances is clearly wrong, especially when considering the rather large uncertainty in the estimations of the equilibrium real interest rate, as given by the one standard deviation band. 17, 18 So, all in all, we have to conclude from our analysis that even though the equilibrium real interest rates fell during the most recent crisis period, the actual real rates fell even further, so none of the non-EMU European countries faced secular stagnation.
When smoothing the results using a two-sided filter, the results do not change significantly ( Figure 5 ). The only difference is that the estimates of the equilibrium real rate are even less volatile, which is exactly what is expected when the time series are smoothed. 17 The standard deviation of the equilibrium real rate is computed as σ r* = c 2 σ 2 4 + σ 2 5 , which is in line with Laubach and Williams (2003) . Since these calculations only represent quarterly standard deviations, four of them are summed to represent the yearly standard deviations shown in the figures.
18 Several other studies face similar estimation problems with respect to the sconfidence bands in the equilibrium real rate estimations (see, e.g., Mesonnier and Renne 2007 , Garnier and Wilhelmsen 2009 , Beyer and Wieland 2015 , Belke and Klose 2017 . This is possibly because of the relatively simple modelling of the equilibrium real rate as the growth in potential output and additional factors. In particular, the latter should be modelled more explicitly by using indicators of the determinants discussed in Section II. Figure 5 . Ex-ante real rates and two-sided equilibrium estimates 1981Q4 1983Q2 1984Q4 1986Q2 1987Q4 1989Q2 1990Q4 1992Q2 1993Q4 1995Q2 1996Q4 1998Q2 1999Q4 real rate equilibrium real rate +/-one standard deviation equilibrium real rate
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Quarter Percent real rate equilibrium real rate +/-one standard deviation equilibrium real rate Hence, the conclusion drawn above remains valid. Secular stagnation is not a problem for the remaining non-EMU European countries because the real rates are, in fact, even lower than the equilibrium real interest rates during the financial crisis period.
C. Ex-post real interest rates
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VI. Conclusions
In this paper, the question as to whether five non-EMU European countries face secular stagnation has been answered. Knowing the answer has important implications for European policymakers. While secular stagnation does not seem to be a problem for the euro area as a whole (Beyer and Wieland 2015, Belke and Klose 2017) , permanently lower growth rates in other European countries may lead to a process of disintegration, at least in economic terms.
However, the results do not point to secular stagnation in any of the countries under investigation. Therefore, no additional measures should be undertaken by national policymakers to stimulate economic growth. This especially holds for any additional monetary policy expansions. Indeed, today, all central banks in the non-EMU European countries adopt expansionary measures, as shown by the very low policy rates in Figure  1 . Moreover, some of them have even used additional unconventional monetary policy measures, such as the asset purchase program of the Bank of England; the policy of negative central bank policy and deposit rates in Sweden, Denmark, and Switzerland; and the policy of a lower bound on the exchange rate in Switzerland. But these measures seem to be reasonable, especially against the background of an even more expansionary monetary policy currently adopted by the ECB.
Moreover, the analysis reveals that there is no need for further short-term economic stimulus, especially via demand-side policies, e.g., by economic stimulus packages. While this could be one way to get out of a situation like secular stagnation, it may face longer-term problems because public debt increases with this policy, making the debt problem even more severe in the future.
It may be that while there is currently no problem of secular stagnation in the non-EMU European countries, they will face long-term secular stagnation in the future. However, this problem would be a result of inappropriate supply-side policies in these countries (Crafts 2015) . Therefore, it is important to set the course with respect to necessary supply-side reforms today. One possible way to achieve this is to reduce deregulation in the product and labor markets and thus boost productivity.
But the result of no secular stagnation is also driven by rather uncertain estimates of the equilibrium real rate. In-depth work is needed in this respect to generate more reliable estimates of this unobserved variable. Possible determinants influencing the equilibrium real rate via aggregate savings, aggregate investments, or both have been discussed in this paper. However, they are not explicitly modeled in the Laubach-Williams framework. Instead, these determinants should show up in the unobserved variable of additional factors (z t ), without knowing its exact influence on the equilibrium real rate. The influence of the possible determinants has not been investigated empirically to date and we leave this for further research. There is only limited empirical testing in this respect. For example, Juselius et al. (2016) added a financial cycle to the standard Laubach-Williams model for the US and found that the equilibrium real rate is higher in this setting. But they do not model the financial cycle, which is a way to determine the "private and public debt levels," which directly influence the equilibrium real rate, as the discussion in this paper suggests. Therefore, further research is needed for this and all other determinants in order to provide more reliable estimates of the equilibrium real rate and to make more robust inferences about secular stagnation.
